Over the past number of years, competence management has become a key issue for companies. Similarly, to the importance of knowledge management, competence management considers an individual's performance, based on his or her knowledge. Thus, knowledge management becomes an important aspect for companies to manage resources, through the ability of characterizing key competences and evaluating how they are improved through past experiences and roles, thus selecting project team members according to the respective existing skills. This paper focuses on the coordination of design activities in order to propose a tool dedicated to operation-level project managers to help prepare their technical teams based on the required skills. The goal is to enhance the effectiveness of the teams, as well as their performance in the short-term, as well as the longterm, while coordinating with the human resources department. This work is based on the results of the Aides et assisTances pour la conception, la conduite et leur coupLage par les connAis-sanceS -Help and support for design, coordination and their coupling by knowledge (ATLAS, 2008(ATLAS, -2011. This project studies the coupling between systems design and management. We propose an initial tool to manage skills in a design project.
Introduction
There have been several studies and papers which addressed and studied the human and social dimensions of product design (Boujut & Tiger, 2002; Perrin, 1999) . The uniqueness of the design activity is that it is primarily a human activity, and not an automated one. In relevant research, the authors show that man is both a resource and an actor-engine for the design process (Merlo & Girard, 2003) . As a resource, it usually needs to be controlled, by assigning a set of tasks contributing to the overall development objective. But it is at the same time an actor (Crozier & Friedberg, 1977) with a certain degree of autonomy as an engine of this design process, gradually built throughout the design. On the productdevelopment level, the logical project (Cleland & Ireland, 2006) and the need for various stakeholders or partners to collaborate (Kvan, 2000) makes this an even more important human dimension. The control must provide such synchronization between design goals within a need analysis of the customer or the company regarding the future product and selection of human resources capable of performing the necessary tasks to meet these goals.
Managers often see their subordinates primarily as individuals with technical knowledge but do consider them mobilized too often in terms of skills. The concern that associating a person and a set of tasks in a logical short-term, may present several limitations such as: Experts required, beginners-level representatives on low-value activities, a significant turnover between each project, and even during long-term projects.
According to Hettiarachchi et al. (2016) , software products change with time as a result of feature updates or as end user demands change. Alterations in the product or in its need would eventually require a reexamination of the software functionality in order to address or align with these modifications and specifications.
According to Galster and Avgeriou (2015) , enterprise software systems, such as Enterprise Resources Planning software, are on the most part built in unassociated contexts. Nevertheless, various organizations use contrasting approaches and tactics to reach their objective. Consequently, many enterprise software systems are subject to specific changes and are customized in a way which allows them to take into consideration the context in which they are operating.
Conversely, human resource management, when structured, is seen in a long-term perspective (Minel et al., 2008) . In fact, it matches human resources with business needs, not only in the short-term with recruitment and the potential dismissal of employees, but also in the long-term with proactive project management skills, life-long training and impending positions.
Regarding complex systems and product design, various models, methodologies and prototypes to integrate the features of the product as well as process and organization into a common logic of design coordination were presented in our study (Robin et al., 2007) . This point of view has led to the reconciliation of the technical and human aspects with the structure of projects, stakeholders' activities and relevant task planning, as well as the pertaining design and performance assessment. It is recommended to lead a study on the techniques of incorporating stakeholders into competence-based team structuring and planning. The goal is to combine management skills in a comprehensive product-process-organization driving the design. In the following section, we present the framework for the coordination of product design. In section 3, we expand our vision of management skills. In the fourth section, we describe the ATLAS project (ATLAS, 2008 (ATLAS, -2011 , which represents the foundation for our case study and shows how framework of coordination and competence management have been implemented in the demonstrator software developed in the ATLAS project (ATLAS, 2008 (ATLAS, -2011 . Finally, in the last section, we cover new progress in management skills for businesses and we detail the possible headway of our work from a scientific point of view as operational practices through a new version of this software demonstrator.
Design research method

Presentation of the project
The ATLAS project (ATLAS, 2008 (ATLAS, -2011 has involved six French academic institutions, as well as two French industrial organizations which propose an instrumentation design activity based on the coupling of product and project design. Labeled by the Aerospace Valley pole, product design is studied here in an aeronautics context and therefore on the principles of engineering systems, (Bahill & Briggs, 2001) ; International Council on Systems Engineering (INCOSE, 2015) among others.
The first company involved in the ATLAS project (ATLAS, 2008 (ATLAS, -2011 is an engineering company delivering services to industrial companies such as Airbus and its first level partners. This company is called here A. Innovation is the link between academics partners and a group of aeronautics companies interested in the results of the ATLAS project (ATLAS, 2008 (ATLAS, -2011 .
The second company is a software editor proposing specific mathematical tools for simulation. It is directly concerned by the development of an ATLAS software demonstrator (ATLAS, 2008 (ATLAS, -2011 and its aim is to develop a new commercial activity in project management.
The implementation of a demonstrator software is an important initiative that took place in 2011. Its aim is to implement methods which ensure the coupling of the object of design (the product or system) as well as the process of realization (the design project) in a collaborative environment for concurrent engineering (Prasad, 1996) .
The desired result will provide a consistent and efficient decision-making process, based on information provided by these two dimensions, and consolidated by the aggregation of information from the detailed structuring of the projects and the system.
Research method
Competence management is a research question that comes from a long scientific process. To better understand the context and the interest of our proposals, we must consider the existing collaborations between the different academic partners. The research methodology is therefore a combination of exploratory and conceptual work in the research-action approach, as shown in Fig. 1 .
Fig. 1. Research Methodology
ATLAS project academic consortium (ATLAS, 2008 (ATLAS, -2011 is the result of several years of academic research: Two of the partners were specialized in design coordination, another two were into product and engineering system modeling, one in project management and another into constraint modeling and problem-solving methods. Some of the different collaborations that were proposed:
 Models for design coordination combining product, process and organizations modeling at a global level;  Models for product/systems modeling according to system engineering standard;  Models for project scheduling;  Tools and techniques to explore solution spaces using constraint based approaches.  Main results are briefly described in the following sections. Within ATLAS project (ATLAS, 2008 (ATLAS, -2011 , we have adopted the following research method: o First step: Synthesis of previous academic work, state of the art then proposal of an integrated model; o Second step: Development of a research prototype to show how the concepts of the model can be used; o Third step: Analysis of industrial needs and definition of case studies; o Fourth step: Analysis of needs and case studies for consolidating the models and the prototype; o Fifth step: Design and implementation of an industrial demonstrator with restricted but operational functions in order for it to be tested by industrial organizations using the case studies.
Steps 1, 2 and 4 correspond to a traditional concept-to-application scientific approach, while steps 3 and 5 correspond to a research-action approach. Figure 1 illustrates the interactions between these two approaches.
ATLAS demonstrator design and implementation
The first prototype has been developed for academic purposes, based on an existing tool dedicated to product modeling with Web-based interface. The implantation platform is a Ruby on Rails framework. This tool is still used actually by several academic partners.
The demonstrator has been implemented by the software editor company, using the same framework. The design method is user-centered: Initial interviews and group workshop allow defining:
 Needs at a conceptual level for modeling proposal;  Interactions then functions wanted by the future users;  And case studies for both the academic prototype and industrial demonstrator.
Based on industrial needs, different design choices have been made for the demonstrator, even if the same implantation framework has been selected for reusing reasons. The demonstrator is a standalone software that must be installed on a personal computer, but it embeds communication protocols to access a unique distant database. The interface must look as day-to-day applications for users on their PCs.
In the following section, we develop a state of the art of models and previous scientific work (step 0 of our research methodology) on which have been based the specifications of the software demonstrator.
Coordinating product design
Product design projects performance depends on the ability to coordinate and control the collaboration between the numerous participating stakeholders: e.g. designers, experts from different disciplines and with different experiences, and external partners. Coordination and control of engineering design are part of a global approach of the development of new products which requires the need to identify the different situations occurring during the design process and to allocate adequate resources to satisfy design objectives.
Many studies have attempted to pinpoint and address best practices and strategies developed by enterprises (Balbontin et al., 2000) in order to better the success of new products. They take into consideration several circumstances, such as environmental challenges, markets and customer characteristics, marketing processes, product characteristics, new product development processes, organizational characteristics and corporate culture, learning practices, and performance.
A project manager now has a wide range of criteria to take into account in order to control all aspects of a project such as the product development steps, objectives and results, tasks and scheduling, resources, expert skills, actors' network, levels of interest, collaborative guidelines, and heterogeneous collective and individual objectives.
On the one hand in conclusive research (Coates, Whitfield, Duffy, & Hi, 2000) , authors suggest that task management, scheduling, planning, and resource management are the most important issues when it comes to operational coordination. Clearly, a project manager intends to apply these aspects to control the design process.
On the other hand, collaboration between designers offers the possibility of sharing specialist knowledge and capabilities (Martinez, Fouletier, Park, & Favrel, 2001) , (Giannini, Monti, Biondi, Bonfatti, & Moanari, 2002) . For the project manager, anticipating collaboration is difficult to take into account in the everyday life of a project. The main problem is that of proposing to design actors the best context as possible (e.g. objectives, information, resources, tools, methods) in order to foster collaboration that will facilitate reaching project objectives.
In design project management, the progress control of the design process can be defined as the understanding of existing design situations (in the real world) in order to evaluate them and take decisions that will modify and improve future processes, according to design objectives given by customer specifications or based on the company strategy. The control problem here is a problem of decision-makingtaken by a "decision center" -to support designers -represented by a design center -in their activities (Girard & Doumeingts, 2004) in order for them to achieve an objective in a specific context (Fig. 2 ). Each design activity has "input" and "output" information which transform the design process as well as the product definition. Actors use the "input" in order to produce the "output", to achieve their activity and have "support" namely: Human and material resources and knowledge to help them in their work.
Fig. 2. Coordination Model in the Design System
This approach has been developed (Girard & Doumeingts, 2004) as the GRAI R & D approach and implemented through the GRAI Engineering methodology (Merlo & Girard, 2003) . It relates to the deployment of design principles based on the integration of three elements: The product, the process and the organization.
For decision making, project managers -from a decision center -need to identify effective action levers which will influence the design process thus increasing design performance. In this context, a project manager coordinates ( Figure 2 ) by analyzing the requirements from the customer, after which they define the project team as the design center team, with its internal organization (Mintzberg, 1990) . They then define the project phases and activities in each sub-phase, and then define a 'design frame' to control the project progress and finally apply this design frame. Periodically they control project progress and make the adequate modifications in accordance with the results and the design objectives.
As design projects may be large and complex, a project manager may create or define several sub-projects with local projects or task managers. As a consequence, the previous model is a recursive model. A design center may be divided into new couples (decision center, design center) representing such subprojects. The coordination between a level-n decision center and level-n+1 decision centers is regulated through specific 'decision frames' in order that level-n+1 managers be able to define their own design frames.
The project IPPOP (Roucoules, et al., 2006) has led to an operational version of these control concepts while offering a first software prototype that focuses on these concepts. The PEGASE application (Robin, Merlo, & Girard, 2007) has continued this work by integrating a stronger structuring of the company to structure the project. The ATLAS project (ATLAS, 2008 (ATLAS, -2011 introduced hereafter is part of this logic.
Management of resources by competences
The definition of the concept of "competences" is necessary before tackling the integration of resources in activities pertaining to control design, in order to be able to question the management of these same resources. 
DECISION CENTRE
To identify gaps and model diagnostics
Common definition for competences
What is meant by "competence"? Answering this question does not come naturally. The meaning of competence has long been under discussion.
De Witte (1994) regards competences as a concept that doesn't have a distinct definition, and emphasizes the necessity of agreeing on a common definition for clarity (De Witte, 1994) . This idea underscores the fact that competence is never given directly to see: For the author, competences are not detectable through a microscope.
Despite the inability to agree on a universal definition of competences, it may be regarded as a combination of knowledge, know-how, and skills. Le Boterf (2010) declares that competences are not a state and they are linked to action (Le Boterf G. , 2010) . In his opinion, competences are the outcome of three factors: Knowing how to act, willing to act, and possessing the power to do so. This means that someone who qualifies would know how to support and finance the relevant resources, despite a context which may seem without incentive at times, by inferring what is involved with regards to responsibility and risk taking.
In 2004, Masson and Parlier identify four defining characteristics of competence: It is operative and finalized (it is inseparable from an activity), it is learned (a result of personal or social building), it is structured (it combines knowing how to act, willing to act and the power of acting), then it is abstract and hypothetical (the competence is not directly observable but only its consequences are) (Masson & Parlier, 2004) . Michel (1993) considers a competence as an ability to solve problems in a given context and in an efficient way (Michel, 1993) . For our part, we will retain the definition proposed by (Boumane, Talbi, Tahon, & Bouami, 2006 ) that incorporates the definitions of the other authors. "Competence is the ability of a person (actor) to act and react with the required relevance to perform an activity in a work situation". The actor is at the center of the process of selecting, combining and mobilizing their knowledge, skills, abilities and behaviors on the one hand, and environmental resources on the other hand, in order to accomplish a mission defined by the company.
However, it seems necessary to add to this definition the idea of "social recognition" developed by (Le Boterf G. , 1994) , provided that the competence is "knowing how to act".
While it is clear that competence, as we have seen, is an individual behavior, it should be extended to a more collective dimension. It is unfound to dissociate these two dimensions, as they are interdependent in the design processes, and they call for many actors.
Collective competences
Based on contribution from (Le Boterf G. , 2010), we consider that the cumulative competences are an integration of individual competences. "In the collective design situations, the aim of the process (the intended purpose, the" thing "to do ...) and the process itself (how each one is relevant to the other ...) are built by mutual influence" (Hatchuel A. , 2008) . In fact, in such processes, "actors cannot limit their contributions, and must run their activities according to the project or the other actors' evolution." The progress of collective competences depends on reciprocal learning (Hatchuel A. , 1995) in which the action of each actor depends on all the learning actors.
In the process of cooperation that occurs in the course of work (De Terssac, 2002) during the design activities, other learning rules come about among the concerned actors: "Learning is therefore necessary at any time and requires exchanges between performers and makers."
If the competences appear well in the center of human resource management, the different aspects that we have just developed highlight the complexity of managing these competences (Minet, Parlier, & De Witte, 1994) . Often, collective competences management is hardly taken into account in companies, unlike the individual competence's management.
Competences management in companies
The management of competences is a methodology that primarily involves human resources management, which usually replaces traditional management based on position and functions related to the location (Retour, 2002) . In fact, in small and middle-sized companies, the establishment of a project unit will depend on a single individual, such as the entrepreneur, the technical director or the head of the research department. The size of the team will also be diminished, and the selection of tasks will not amplify, since the nature of the tasks will be directly related to the ranking of the personnel. Management competences rely on the concept of "versatility" which is reduced to simple availability management for the actors.
Among the advantages associated with this type of management, included is the establishment of a common and standardized vision for all employees of the company. This vision leads initially to the establishment of training policy competences. It can be followed by the establishment of an evaluation by competences of the employees. They are necessary in order to establish competences planning. A final step would be to combine competence and compensation, which is still a limited practice (Gilbert, 1994) . The notion of performance is also very present in this competence approach, as far as decision makers are considered (Defelix & Retour, 2003) .
This work shows that competences management is applied for team building projects and some team members are distributed on specific tasks, since competences are associated with an activity and a level of competence (Gilbert, 2003) . A company which has legitimate human resources, competences management is distributed among people from different backgrounds, especially when several companies are involved in collaborative processes (Boucher, 2009 ). Technical managers choose specialists based on the qualities or experiences they have already acquired or on which they were advised. Planning or financial project managers are also interested in questions of availability, knowledge-based recruitment or level of competences to be determined. The Human Resources function manages the needs of people as profiles of knowledge / competences, through internal or external recruitment. Beyond the management of competences and operational management, long-term management of these design competences is too often the responsibility of the project manager when starting a project that does not appear systematically in the primary concerns of the company. Experiences gained in various projects, but also in varying functions throughout a career, can then be considered to establish and formalize training schemes in the short term, while also managing the long-term career. Practices are based mostly on mapping competences in 4 distinct levels (Veltz & Zarifian, 1994) : Competences necessary for a specific position, competences used by an employee in this position, actual competences gained by the employee and the potential employee's competences, thus allowing the employee and the company to consider a career development path.
Further to our work with companies of diverse sizes and sectors, we found that there is a big difference in competences from one company to another.
ATLAS Project results
The ATLAS project represents a significant part of our work and study, on the design process and its coordination.
Architecture of the ATLAS demonstrator
The different models developed to achieve the objectives of coupling have been presented in various research publications (Aldanondo, et al., 2008) . The mechanisms that implement them are based on knowledge modeling concepts such as system, reuse, and performance evaluation in the form of variables, constraint programming and feedback.
The demonstrator program targets users who are involved in system design and users who are responsible for project planning. It has two main modules: -The "system design" module: This module allows designers to define a system according to the principles engineering system method by decomposing a system into subsystems. It also supports the production of the deliverables associated with each step of the design process. This module includes the management of system concepts that allow the capitalization on design knowledge and its reuse in future projects.
-The "project management" module: This module allows the definition of sequence of tasks that detail the design process to guarantee the planning and monitoring. It relies on a process model that supports the engineering system process advocated in the context of The American National Standards Institute/Electronic Industries Alliance (ANSI/EIA632) (ANSI/EIA-632, 1998) norm. So it provides: Mechanisms of decomposition of a project into sub-projects; mechanisms of management of different project alternatives; and mechanisms for integrating proposed subsystems into upper system. It includes the allocation of resources, including human, for each of the tasks.
Each system and each project have associated variables which specify the indicators on which the system will be evaluated (and therefore each subsystem) and the project (and each sub-project). Performance targets and constraints can be set by system and project managers and then be checked throughout the design progress and lifecycle.
A third "project coordination" module focuses on the overall management of this dual system design and project evaluation is used to track the performance achieved by referring to the values of variables and offering a synthetic scoreboard, combining variables, systems and projects. This module centralizes the exchange between project managers and the system by integrating an internal messaging system. It tracks the decisions and relevant justification.
The coupling is provided by various mechanisms built directly in the demonstrator, either independently or integrated in the modules implemented.
The general planning of the demonstrator is seen in Figure 3 , which shows the relationship between modules. Reliable external apparatus are connected to the ATLAS demonstrator:
-A scheduler to generate visualization of tasks scheduling; -A dedicated module for "messages" management, especially alerts; -Constraint propagation engine (COFIADE, proposed by the Centre Génie Industriel from the Ecole des Mines d'Albi-Carmaux) for managing rules coupling system constraints and project constraints; -And a "feedback" management module for storing models and experience of a project and then reusing it (T-REX, proposed by the École nationale d'ingénieurs de Tarbes -ENI of Tarbes).
Competence management is integrated into the "project management" module, and specific parameters are used to define specific constraints that are managed with COFIADE through the "coupling" infrastructure. 
ATLAS control design implemented approach
The design control is based on the integrated product-process-organization PPO model (Roucoules, et al., 2006) as a result of previous work, which is also our hypothesis at the beginning of the ATLAS project (ATLAS, 2008 (ATLAS, -2011 . It is based on the structural decomposition of projects into sub-projects. Then at each project level the distinction is made between the decision system and the technological system. From an operational perspective, deduced from the concepts mentioned in Figure 2 , the system includes different decision makers in charge of coordinating their project level, and thus coordinating the activities of designers of the project level: The design teams represent the technological system of this level.
Considering the way industrial companies manage an airplane development program, there are three key people in charge of the project:
-The system managers SM, in charge of the systems/subsystems development;
-The planning managers PM, in charge of controlling project progress such as scheduling, costs and resources allocation; -And the project director PD that launches the project and appoints the heads of the first level.
This control mode helps in part, to manage the coordination of the design. Inspired by the organizational model of the PPO model ( Figure 4 ) but adapted to specific needs of aeronautics partners of the ATLAS project (ATLAS, 2008 (ATLAS, -2011 , each level beyond the first is identical and repeated for each new subproject.
Fig. 4. ATLAS Organizational Module
The coupling is designed to facilitate the impact of decisions made in each of the two-dimensional systems and projects, and the exchange of relevant information needed for comprehensive, relevant and justified decision-making, in a collective context if possible. Different coupling modes have been derived and identified (Aldanondo, et al., 2008) from the structured models coming from previous works and literature. Then each one has been applied through the case studies before a critical evaluation by the companies. Here are some examples of the consolidated coupling modes:
─ Ensure the bidirectional relationship between the system entities and the project parameters on one hand, and between system alternatives and project alternatives on the other hand: The hypothesis used in the ATLAS project (ATLAS, 2008 (ATLAS, -2011 is based on the fact that a system is always in correspondence with a project. As a consequence, the system structure corresponds to the project structure until the system design is sufficiently known and mastered for no longer needing to generate sub-projects. Team ─ Alert when there is a decision for stopping the decomposition of systems into subsystems; this interrupts the decomposition of the project as well and triggers a predefined stage of finalizing the design before starting the stages of integration of validated components or systems.
─ Alert of a decision for reuse of entities (or alternatives entities): If an existing system is chosen to be reused in the current design, then the planning manager is advised to potentially exploit the archived project schedule, and vice versa.
─ Propagate constraint changes on variables, between both planning managers and system managers.
─ Propagate the change status of a system entity or a project task towards relevant managers.
─ Synthesize via the scoreboard, all the constraints that apply to variables, taking into account a mechanism of aggregation of variables corresponding to lower levels.
For these different coupling modes, the system manager determines the design goals for their team and disseminates them in impediments that apply on the variables they have selected for the systems expected to be designed. The planning manager does the same with project specific targets (budget, available resources, and processes / activities schedules). The two categories of managers must work together to describe the activities that detail the predetermined process and verify the allocation of sufficient resources. Each of these individuals or stakeholders may be dependent on a team to aid them in coming up with their decision (excluded from Figure 4 ).
All members then monitor the progression of the design; firstly, overseeing design activities and constraints for a system design, and then secondly, checking advances in milestones, costs and other project limitations. The couplings used (alerts and scoreboard) assist in the identification of gaps and non-compliance restrictions, resulting in managers collaborating to make new decisions.
This segment analyses the issue of competence management and its application in the ATLAS demonstrator.
Managing competences within the ATLAS demonstrator
As part of a computer implementation as proposed in ATLAS, it seems necessary to propose a flexible and demanding mechanism, so as to enable each company to use the concept of competences depending on their needs and how it works properly. In a first step, the integrated models allow us to propose a basic way to manage human resources: The program director defines a first level team by indicating the name and the type of the members, selecting a main system manager and a main planning manager. Then at each system level planning managers together define their own team in the same way. This basic approach does not satisfy industrial companies:
-A system manager has to propose a team by defining what he needs considering several technical criteria, -A planning manager has to propose team members available according to cost and duration criteria.
Because of these considerations and the organizational model chosen, we proposed to extend the model for better competences management and the approach to manage them.
For this reason, the demonstrator has been configured to allow the association between competences and individuals. Competences are grouped into different types to simplify their access by the responsible individuals. Types can be predefined through the configuration module of the demonstrator so that it can be adapted to the core competences of a company. Fig. 5 shows all the competences and types (adaptational, coordinational, social and relational, then technical) currently defined. We propose this definition according to the decomposition of competences -knowledge, know-how and soft skills -proposed in 1990 by Mandon (Mandon, 1990) , and the distinction between embedded resources and resources of the environment (Le Boterf G. , 2010), adapted to the design context.
The system manager will use this definition to define what kind of individual he needs for his team according to the tasks he has to do. Fig. 7 illustrates the work of the project manager when creating the project, with the bottom screen for selecting competencies for the system manager and for the project lead, who selects a list of individuals who can assume the roles of leaders. The same applies for sub-projects and for setting up the project team. Exchanges occur between project and system managers at the upper level, to validate these choices, based on the scoreboards of performance indicators of the project.
Fig. 7. Competences and Granting
Finally, a system manager is considered as responsible for defining their team in terms of needs, while a planning manager is responsible for checking the availability and cost of human resources to be mobilized. The coupling of the different parameters characterizing an individual and their competences represent a way to share their point of view through a direct dialogue that can be supported by the "message" module of the demonstrator. An individual is then assigned to a project if both leaders confirm that choice.
As an example, this process of defining needs then proposing resources corresponding to the needs may lead to simulations before choices. If there is no individual corresponding to the needs defined by the system manager, the planning manager will be able: -To propose an individual with different skills, some with a higher level than needed with a cost increase, or some with a lower level with a time scheduling increase: In this situation they will be able to share with the system manager the impact on the quality of the allocated tasks and on the project cost and scheduling;
-To propose an individual that must be removed from an already allocated task with the constraint of being replaced by another individual: Impact on the project is also a way to lead to the best possible solution.
That is why in the final version of the demonstrator the "scheduler" module we have introduced different visualization processes for showing the existing schedule but also simulation schedules before choosing one. In the same way, the scoreboards of the coordination module can be associated with the simulation schedules in order to allow managers to evaluate each constraint and their impact on the project's main parameters.
Results and Discussion
As mentioned previously, case studies have been defined with industrial partners. Each one corresponds to a situation that rebuilds real situations encountered in real projects. Two examples have been used to characterize these case studies: The first one is a simple system corresponding to the development of an electronic key, and the second one is based on the first levels of an airplane development. The first key example has been used to validate decision processes for selecting the best technical solutions between several possible ones. The second airplane example has been used to validate the interactions between project constraints and system design choices. This second example includes competences case studies.
The case studies have been implemented as scenarios describing the different tasks to do, with the required inputs / outputs. These scenarios have been built with information captured during interviews with the industrial companies before their validation by the same companies.
For each example, a specific database has been filled with the initial inputs, and then each company has been invited to apply the scenarios with the TALAS demonstrator. Then a new interview has been made to formulate the following feedback: What bugs have been identified? What are some useful improvements with the use of the demonstrator? What are the improvements of the methodology underlined by the scenarios?
The problems encountered when using the demonstrator are operational problems that are not linked to our research proposals. As the demonstrator was not dedicated to being sold, they have not been considered.
Considering improvements of the software, operational ones such as modifications of the Man-Machine Interface have been archived for a future tool. Some improvements have been introduced in the second version of the demonstrator. Two types of improvements have been asked:
-The modification of parameters defining some concepts: e.g. improving the list of competences or the types of competencies (for example the level of experience), adding a global but manual maturity parameter to a system and to a project in order to represent the fact that such a system or project has already been achieved in previous system development;
-The modification of the tasks from the scenarios in order to automate them. For example, in order to select an individual, we first propose to visualize the whole list of available resources only. Then after feedback we modified this task by generating a list of people available but with an average level of similarity with the needed competences, so the list is shorter. We add a second list of people with a high level of similarity but who are not available as mentioned in section 5.3.
Finally, considering the third question on methodology improvement, this demonstrator deserves to integrate a concrete management of competences in the design process, but it has some limitations.
First, it would be interesting to incorporate more accurately the situations that mobilize certain competences. For example in Figure 5 , the situation in which one person is able to adapt them self (competence "self-adaptation") is generic and not specified: Having self-adaptation abilities does not mean that it is true for all situations that can be encountered within a system development project. As we have seen, a competence can only be measured for a given situation. On the same idea, the "Adapt to the environment" competence does not specify all the personnel and external resources that the person is supposed to mobilize (Le Boterf G. , 2010).
Furthermore, the concept of competences levels is necessary but not implemented from this first prototype, as we have seen before, in order to consider competences scheduling. In this fashion, it would be possible to evaluate the level required to complete an activity, the level mobilized by an actor in this activity, or the potential level reached by this actor on terms to be defined (e.g. training). In this way the project manager can master more expected performance by the employees he selects, which directly impacts the performance expected in the project itself.
Thirdly, an inherent difficulty to the complexity of the competence lies in identifying informal competences. They often refer to "embedded knowledge" often implicit, reflected in the speech with "you can see" "you feel good" reflecting for the person the difficulty or the impossibility of accessing such of the type of competence.
Finally, and more broadly, if this demonstrator is only a tool, it could be very useful as a source of practical information for planning of jobs and competences. That is the main result of this work: The software editor company has been developing a specific tool for project and resources management, using a professional environment that allows data sharing with a famous and worldwide software suite, in order to sell it to its customers. Of course, this commercial tool does not integrate the system modeling and by consequence the coupling approach. But main concepts of project and resource management have been reused.
Considering now the research methodology, the interest of combining traditional scientific proposals to a research-action approach based here on interviews, case studies, experiments and feedback analysis is effective. The traditional approach can be assimilated to a top-down method from scientists that propose then apply, while research-action can be compared to a bottom method that requires a confrontation with the traditional approach not to be managed only at an engineering level.
This bottom-up method, implemented in parallel to the top-down method, allows us to improve both concepts and methods that we had proposed in order to make our proposals more relevant before being applied. At the same time, the top-down method allows us to have a strong baseline for the framework we want to involve industrial companies with. We think that it helped us to focus on precise and strong results in the limited timeline of this thirty-month project.
Conclusion
In project management, and the project management of product development, human resources are considered as an essential element of project manager activities. Focusing on issues of allocation and availability, these operational concerns are not always aligned with the concerns of long-term human resource departments, for which competences management is an essential tool.
By relying on the results of the ATLAS project (ATLAS, 2008 (ATLAS, -2011 , focusing on the coupling between system design and management of design projects, we have proposed a first pragmatic mechanism for extending the simple management of resources assignment and availability by including the competences dimension. Competences classified by types thus become the link between an individual defined by his competences, and the ability to select a resource through competences needs. The organizational model of decision making among managers can oversee the process of decision which transforms this need of competences in a planned and validated allocation against performance indicators of the project.
The case studies implemented with the industrial companies validate the concepts of this integrated framework dedicated to the system engineering and project management modeling using constraintbased coupling methods. Nevertheless, project management concepts are still generic concepts such as cost, resource and competences management and task scheduling. We are actually working on extending these concepts by taking into account uncertainty and risk management in order to improve the analysis of system / project choices and better analyze the impact of possible decisions.
